Abstract
Introduction
Noise is a type of unwanted sound, which makes listeners hard to concentrate on speech perception or communicate in their daily life. Noisy environment may cause hearing loss. The disturbance of noise in speech perception is mainly attributed to two types of masking: energetic masking and information masking [1] . Babble noise, which is very common in our life, contains both types of masking.
Recognizing speech in noise requires great efforts for cognitive concentration. So the importance of physiological and psychological state of human body, which directly or indirectly determines the excitement level of brain, is worthy investigation. On the other hand, autonomic cardiac modulation manipulates human body both physiologically and psychologically, e.g., circulation in brain. Earlier work has shown that autonomic cardiac modulation has a strong relationship with human emotion state [2] , the motor function of human body [3] , sleep [4] , etc.
Noise, whether it is either detectable or undetectable, also affects human cardiovascular health [5] . Although it is widely accepted that noise interference affects both speech perception in noise (SPIN) and cardiovascular activity, there is still little information about the interaction between autonomic cardiac activity and SPIN. Specifically, although many studies have examined factors that affect SPIN, such as age [6] , the activity of cells in auditory cortex [7] and visual information [8] , little has been done to examine the effect of autonomic cardiac modulation on SPIN.
This study aimed to examine the effect of autonomic cardiac modulation on SPIN. More specifically, this work aimed to investigate how cardiac activity with increased HR influences SPIN.
Method

Subjects
Ten young healthy subjects (2 females and 8 males; aged from 19 to 23 years) with normal-hearing participated in the experiment. This study was carried out according to the Declaration of Helsinki of the world Medical Association, and was approved by university ethics committee. Informed and written consent was obtained from all subjects. Anonymised data was analysed. 
Experiment set up
The experiment was conducted in an acoustically and electrically shielded chamber. For each subject, two physiological parameters (HR and SPIN score) were obtained in the experiment.
The Finometer device was used to measure each participant's HR, and an exercise bicycle was utilized to do exercise in order to change his/her HR. Note that the exercise load of riding bicycle was set to a moderate level and to 5-7 min.
To measure SPIN score, test stimuli were played to each participant binaurally through a circumaural headphone at a comfortable listening level. Participants were required to repeat as many words as they could recognize. For the listening experiment, a simple custom-designed software interface was designed for each participant to control the auditory delivery of the processed stimuli. An online tester was used to score his/her response.
The speech material consisted of sentences extracted from the Mandarin Hearing in Noise Test (MHINT) database [9] . MHINT corpus has a total of 12 lists, and each list has 20 sentences (10 keywords in each sentence). A two-talker babble (2-talker, with two male voices) were used to corrupt test sentences at a signalto-noise ratio (SNR) of -10 dB, which was chosen by a pilot study to avoid the ceiling/floor effect in speech recognition.
Experiment protocol
As shown in Figure 1 , the experiment consisted of four sessions: 1) Resting session: In this session, each participant was asked to have a rest for 5 mins. During this period, his/her HR was recorded and averaged, which was used as baseline HR for each participant, and noted as HRrest. 2) Training session: Each participant attended a 10-min training session to be familiar with noise-masked speech and the procedure of listening experiment. During the training session, the subject listened to forty noise-masked speech, and his/her HR was measured and averaged, and noted as HRtraining. 3) Exercise session: Two speech recognition tests were performed, with a 5-7 min exercise on bicycle in between. The SPIN scores of the two speech recognition tests were noted as SPINpre and SPINpost, indicating the scores before and after exercise, respectively. The average HR after exercise, noted as HRpost, was also recorded when collecting SPINpost. 4) Recovery session: Each participant had a 10-min rest after the exercise. A speech recognition test was then conducted, and the HR was recorded simultaneously. The SPIN score and average HR were noted as SPINrecovery and HRrecovery, respectively.
Note that each of the above-mentioned speech recognition tests had one list of 20 sentences, and none of the sentences was repeated. In addition, the order of the three tested lists that were used in the experiment was randomized across participants. The SPIN score for each tested condition was computed as the ratio between the number of the correctly recognized words and the total number of words contained in each list of 20 MHINT sentences.
Data and statistical analysis
Results are presented as mean ± standard error of mean (SEM). ANOVA analysis and post-hoc multiplecomparison were performed using SPSS to assess the difference of measured HR and SPIN scores from the measurement sessions with different cardiac activities.
Results
3.1.
Heart rate at different sessions Figure 2 shows the mean HR measured at all sessions during the experiment. First, the mean HRrest and HRtraining values are 73.4 and 74.9 beats per minute (bmp), respectively, and the difference between these two values was not significant (p>0.05), suggesting that Speech recogntion score (%) Figure 2 . The mean ± SEM of heart rates (a) and SPIN scores (b) measured across all the sessions.
the immediate exposure to speech-in-noise did not cause significant change in participants' HR. Secondly, as expected, after a moderate level of exercise (i.e., 5-to 7-min bicycle-riding), the mean HR (i.e., HRpost) was significantly increased to 94.5 bmp (p<0.05). Finally, after 10-min rest, the mean HR (i.e., HRrecovery) was reduced towards the value before exercise, i.e., 80.0 bmp. Figure 2 (b) shows the effect of autonomic cardiac modulation on SPIN. Before exercise, the mean score of SPIN (i.e., SPINpre) was 42.5%. However, after a moderate level of exercise, SPINpost was significantly improved to 49.7% (p<0.05).
SPIN score at different sessions
Furthermore, after 10-min rest, although the mean HR was reduced towards the value before exercise, the mean SPIN score (i.e., SPINrecovery) was still kept at the improved level, i.e., 49.9%.
Discussion and conclusion
The present study quantitatively assessed how the autonomic cardiac activity affected speech perception performance. Specifically, the cardiac activity was modulated by a moderate level of exercise, yielding an increased HR, and by having rest to reduce HR.
Our results showed that the increase of HR was accompanied with the improved performance of speech perception in noise, suggesting that the effect of exercise is two-fold, i.e., increasing both HR and SPIN score. Sympathetic cardiac modulation increases HR and expedites blood flow in human body, which might contribute to improved SPIN performance after moderate exercise.
After a period of recovery, although HR was recovered to a normal resting cardiac activity, the SPIN performance was still better than baseline, suggesting that the effect of autonomic cardiac modulation on SPIN performance may retain for a long period, at least 10 mins as shown in this study. Further work is required regarding how long this improved SPIN performance may sustain. Also, the underlying mechanism for the improved SPIN after recovery needs further investigation.
In summary, the present study quantitatively demonstrated the improved SPIN performance immediately after exercise and recovery, which would help the future investigation on the underlying mechanism of the interaction between autonomic cardiac activity and SPIN.
